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Abstract 
Post-war building complexes will need serious façade retrofitting in the coming years. A feasibility study in which different retrofit strategies 
are drawn up, from low-budget to highly energy efficient, can help at a very early stage to define the ambitions. A thorough knowledge of the 
current state of the construction of the façade is crucial. Different researches can clarify the state of the building physics and current 
performance of the façades.  
In this paper a method for a feasibility study for large-scale façade retrofitting is explained through a case-study of the building complex K12 of 
the university hospital of Ghent. 
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1. Introduction
For several years Belgium has been experiencing a growing demand for thorough renovations of large-scale buildings erected
in the second half of the previous century. It concerns buildings such as apartment buildings, hospital complexes, schools and 
offices that were built in the course of several decades as a result of a considerable population increase since the ‘50s and as a 
response to the need to renew obsolete parts of the city as well as war struck areas [1].   
Today however, these large, often high-rise buildings are perceived as obsolete. They no longer meet the current energy and 
comfort standards. Next to high-energy costs, many complaints about draught, rain infiltration, fungi, cold radiation, insufficient 
daylight, etc. are recorded. 
Typical for these kind of buildings, is the project specific building technique and construction detailing. There is a large 
variety in façade cladding: prefabricated concrete elements, classical masonry technique, light curtain wall-like façade cladding, 
hybrid building systems, etc. Before a suitable renovation technique can be determined, the existing situation needs to be well 
analysed. What parts need to or can be demolished? What parts are recoverable and can serve as a surface for new layers etc.? It 
is clear that an economic optimum between investment and energy reduction is unique for every building.  
In some cases the façade is considered valuable and ‘the look’ needs to be preserved. The façade then needs to be analysed 
from a structural as well as an architectural point of view. In other cases a retrofitting goes along with a complete new look.   
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In most of the cases a façade retrofit technique needs to minimize the discomfort for the occupants or users of the building 
during the renovation period.  
Research into all of these aspects is time consuming and needs certain research techniques and expertise. Suitable renovation 
techniques are often project related in the sense that the technical and financial feasibility is only demonstrated after a fairly 
extensive feasibility study that considers all aspects [2].  
It is important to carry out this research at an early stage of the process of a renovation project. It can serve as an instrument to 
inform the parties involved so that decisions can be made in due time. Usually many stakeholders are involved: co-owners, 
tenants, heritage, urban authorities, an ESCO, etc. A well-executed preliminary study can potentially facilitate a process of large-
scale renovation projects and in doing so, shorten the process in time.  
How thorough a feasibility study is needed to serve as a decision tool in a renovation process? What aspects need to be worked 
out and how do they need to be presented? Is it possible to develop a procedure so that the execution of the preliminary study 
becomes less time consuming and therefore more efficient?  
This paper intends to address the questions mentioned above by reviewing a feasibility study of the building complex K12. 
This study was executed in 2012 and was commissioned by the building owner, the University Hospital in Ghent. Two Flemisch 
firms specialized in building techniques and building physics Bureau Bouwtechniek and Daidalos, and the University of Ghent 
(department Building physics, Construction and Climate control) participated in this study.  
The K12 complex has three wings with hospital functions constructed in different phases during '70 - '80. The complex is not 
considered as heritage but has an important image value in the wide surroundings due to its monolithic appearance, scale, and 
location alongside the motorway. 
Fig. 1. Picture from K12 complex [3] 
2. Methodology of a feasibility study
2.1. Performance assessment 
The performance assessment of the existing façade should be done based on visual inspections, analysis of historical 
documents (plan, sections, specifications), thermographic inspection, destructive analysis, and static and dynamic hygrothermal 
simulations.  
The constructive logic of the existing façade needs to be determined, as this might have an important impact on the feasibility 
of renovation strategies, and the accompanying cost. A lot of high-rise post-war housing blocks comprise both poured in place 
concrete and prefab concrete panels, rendering it well suited for thermographic inspection the analyze the construction and 
junctions between components.  
For the K12 complex several core drillings were executed as well, revealing that the prefab panels comprised a 4cm EPS 
insulation layer. Next to that, the concrete cores were used to perform carbonation tests to estimate the condition of the concrete 
and internal reinforcement in accordance to NBN EN14630 [4] . In cases of frost damage or for scenarios with interior insulation, 
the cores could also be used to evaluate the frost resistance by means of a frost-thaw tests [5], and water absorption tests (e.g. 
Karsten pipe method [6],) render important information to assess the water absorption and fouling of the façade [7]. 
Based on visual inspection, analysis of the constructive details, thermographic inspection and tracer gas measurements the 
airtightness of building components can be assessed. Specifically for the windows that type of evaluation is important: both 
thermal performance as well as air leakage should be considered in the cost-effect analysis for the decision whether or not to 
replace the windows. The evaluation of the windows in K12 complex led to a classification in the most negative class 1 according 
to NBN EN 12207 [8].  
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2.2. Indoor climate 
Typical complaints in respect to the indoor climate are draught (air infiltration, inadequate pressure distribution in the HVAC 
system, stack effects in staircases…), asymmetrical and cold radiation, temperatures exceeding comfort levels in summer season, 
and acoustical nuisance.  
The airtightness of a building can be evaluated by means of a pressurization test. However, this is only a performance 
assessment of the building skin, and only allows a rough estimate of the air infiltration and exfiltration rate. In contrast, the air 
change rate of a specific part of a building can be measured using a tracer gas. Several methods are available to deduce the air 
change rate based on a constant or variable emission of a tracer gas (N2O in this case). Evidently, the measured air change rate 
will be affected by the weather conditions (wind speed, wind direction, temperature difference). Based on the measurements, the 
air leakage rate through the façade was at least 27m³/h.m², whereas the default calculation value in Belgium is 12m³/h.m², and 
typical new constructions have an airtightness between 2 and 6m³/h.m². Note that the calculated value is in accordance with 
reported values in literature, e.g. a value of  20.4 m³/h.m² was found for office buildings in the UK [9]. 
Based on this analysis, it was also shown that the ventilation rate of the different rooms was in fact very high (more than twice 
the required air flow rate to achieve IDA class 1 according to EN 13779 [10]).The thermal transmittance of building components 
can be assessed by means of a heat flux measurement as described in ISO 9869 [11]). Thermographic analysis allows to select an 
appropriate location for the flux sensor, and during the flux measurements the indoor and outdoor temperature are measured, as 
well as the exterior surface temperature. Consequently the thermal transmittance is determined either by considering the average 
flux over an extended period of time divided by the average temperature difference, or by adopting a simplified fourier analysis 
that takes the impact of the heat capacity into account. A U-value of X W/m²K was found, which is about 20% higher compared 
to the U-value that was calculated using material properties of present-day insulation. Note that this value does not account for 
the thermal bridges at the perimeter of the prefab concrete panels. 
In a subsequent step, static or dynamic thermal or hygrothermal simulations can be done to get a better understanding of both 
the current situation as well as the behavior after retrofit. More specifically, it is important to evaluate the indoor temperature in 
summer conditions when the retrofit is executed. By reducing the thermal transmittance of the building skin, combined with an 
air leakage rate that is significantly lower, there is a high risk for overheating. In this case, TRNSYS simulations were done on 
two typical rooms, and as performance criterion 25°C was set as threshold, and the exceedance was limited to 3% of the time. For 
residential buildings in Belgium, the solar heat gains are often the dominant effect to calculate the cooling load, but for non-
residential buildings the interior gains should always be estimated with great prudence. Next to that, the airtightness may also 
have an important impact on the overheating risk and should thus be considered in the simulations. In this case it was found that 
new windows with an air leakage rate of 3m³/h.m² at 100Pa (class 4) would have a major impact on the air change rate of the 
building, leading to excessive overheating without additional measures. 
Acoustical measurements were conducted according to NBN EN ISO 140 – 7:2005 to determine the ground level of noise 
pollution of the environment on the building. In the development of renovation strategies, the acoustical performance can be 
enhanced by adopting asymmetrical insulating glass units, acoustical interlayers in the glass panes, increasing the mass of 
spandrels in the fenestration system, ensuring the airtightness of the window-wall interfaces, and by increasing the acoustical 
absorption in the receiving room to reduce the sound pressure level. 
2.3. Thermal performance assessment 
The thermal performance of the overall building can be evaluated based on the recorded energy use of the building over time, 
or based on an estimation of the different heat loss pathways of the building. The first approach may be the most reliable source 
of information, but a number of parameters that hardly relate to the building façade render it inefficient to evaluate the 
performance of the façade, certainly for hospital buildings. Consequently, only simulations were used to evaluate the current and 
future situation. TRNSYS simulations were done, complemented by heat flux measurements on components, tracer gas 
measurements to assess the air change rate, and thermal simulation on the building envelope interface to take that effect into 
account as well. These were done according to EN ISO 10211 [12], and by reducing the interior heat transfer coefficient the risk 
for mould growth could also be evaluated based on the temperature index. 
In table 1 the relative impact of the thermal bridges is reported. The prefab concrete panels only comprised insulation in the 
middle, resulting is large discrepancies between the 1D approach and the 3D simulations results. Note that the geometry of the 
concrete also affects the results. Given the high thermal transmittance of the reinforced concrete, the interior heat transfer 
coefficient, and by consequence the interior developed area, has a significant impact on the heat flux. The 1D approach results in 
U-values ranging from 0.59 to 0.79 W/m²K, whereas the U-values incorporating the thermal bridges range from 1.15 to 3.720 
W/m²K. 
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Table 1. Impact linear connections on U-value (overall heat transfer coefficient) on different façade types 
Façade type U1D U3D  
flat concrete panel, double layered, insulated 0.59 1.15 + 94% 
profiled concrete panel, double layered, insulated 0.70 3.72 + 431% 
flat concrete panel, single layered, insulated 0.79 1.375 +74% 
Fig.2.: (a) and (b) thermal 3D simulations of a junction, preliminary study K12. 
3. Façade retrofit strategies 
Five different renovation strategies for the façade were developed and evaluated. These scenarios range from minimal 
interventions that only repair the existing damage and prevent short-term deterioration, up to rather invasive and holistic 
renovation strategies. Several aspects of the renovation approach were evaluated and compared, please refer to the table below.  
For each strategy the design of the most important building envelope interfaces was evaluated to assess the feasibility, the cost 
of the renovation itself was estimated based on a database system of quotations, the future energy use was calculated, as well as 
the cost of maintenance and repair. The intensity and frequency of interventions was determined, taking into account the expected 
fouling, deterioration and overall lifetime of the materials and components according to the SBR system and in-house evaluation 
protocols that were developed on project experience. 
• Renovation strategy 1: only the windows are replaced by new windows that meet all typical requirements in respect to thermal 
performance, airtightness etcetera (Uw=1.8W/m²K). Evidently, the impact will be limited, and most problems are not 
addressed. 
• Renovation strategy 2: the walls are not insulated, but the windows are replaced by triple glazing (Uw=0.8W/m²K) and  the 
most important thermal bridges are insulated to avoid the risk for surface condensation and mould growth.   
• Renovation strategy 3: the current façade is dismantled and replaced by a lightweight ventilated façade with an U-value of 
0.45 W/m²K. Triple glazing is installed, creating a uniform approach to reduce the transmission heat loss. This scenario has a 
large impact on the appearance of the building, and the renovation itself will have a significant impact on the use of the 
building. In advance, it is complex to estimate the state of the existing concrete panels, and the collateral damage of the 
dismantling on the overall structure. 
• Renovation strategy 4: triple glazing is combined with interior insulation on the inside of the existing concrete panels. The 
appearance on the exterior is maintained, but this scenario will have a major impact on the interior side. Due to the complex 
geometry of the concrete components, large efforts are required to reduce the thermal bridge effect. 
• Renovation strategy 5: triple glazing is combined with exterior insulation installed on top of the existing concrete panels. This 
leads to minor disturbance for the use of the building, but does alter the appearance to a large extent.  
The scenarios allow to create a chart to evaluate their feasibility. Simple scenarios with a lower comfort and reduced 
realisation costs can thus be evaluated against technically more complex ones, with a higher degree of comfort and higher 
investment cost.  
In a final stage of the feasibility study the strategies are brought together in a chart overviewing all investigated aspects. By 
using colours an evaluation of the different strategies is possible at a simple glance. In table 2 a chart shows red as negative, 
orange reasonable, green as good. 
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Table 2. Evaluation chart from preliminary study K12. 
3. Conclusion 
A thorough preliminary feasibility study can lead to different renovation strategies and can lead to an optimization of measures 
with a better feasibility. The current quality of a façade can be very good and therefore be conserved or integrated in the new 
façade.  
Large-scale renovation projects constitute an increasingly important part of the building activity. Since these kind of 
renovations are technically, process-wise and socio-economically complex, engineering consultants and the construction industry 
in general must prepare in order to meet this demand. There is a real risk that the process of such projects will run too slowly.  
If we truly want to achieve a more energy efficient building park, it is important not only to take the technical preconditions 
from an energetic point of view into account, but also to consider a multidisciplinary approach and offer the owners the necessary 
support.  
A preliminary feasibility study of technical and financial feasible façade retrofit strategies informs owners, ESCO’s or other 
parties about the possibilities and helps them develop a vision. A clearly defined method for the execution of these studies allows 
us to perform them more efficiently and with more quality. 
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